ABSTRACT. Zoogeographical studies of regional scale always deal with incompleteness of faunal information. Such information is usually available as a set of localities, covering the studied area as an irregular network. At the same time, full coverage of data is needed for any spatial analysis. In this study, we attempted to perform faunal zoning at a regional level, formalising the procedure to the greatest extent possible. We used 47 small mammal species distribution models (SDM) as initial data for faunal zoning. SDMs were previously constructed based on localities determined using museum labels and environmental data with the maximum entropy method. SDMs were converted to binary values using fixed threshold. We calculated 1-Jaccard similarity coefficients between unique sets of predicted species compositions in each raster cell. The resulting dissimilarity matrix was analysed using hierarchical cluster analysis with the Ward and unweighted average methods. We distinguished three large clusters with nine subclusters based the similarity of the fauna composition. Patterns of the spatial distribution of species numbers and species composition homogeneity were obtained. The relationships between the distribution of species richness and the spatial heterogeneity of the fauna with latitude, longitude, altitude and environmental factors were studied using regression and discriminant analysis. Finally, two faunas were found in South-Eastern Transbaikalia, and a large territory in this region is occupied by a zone of their interpenetration. Analysis of stacked SDMs proposed as important tool for investigation of regional zoogeographical heterogeneity. It is especially useful for extrapolation of faunal data to a larger unstudied territory. Региональное зоогеографическое районирование с использованием моделирования распространения видов на примере мелких млекопитающих Юго-Восточного Забайкалья Е.В. Оболенская, А.А. Лисовский РЕЗЮМЕ. Зоогеографические исследования, выполненные в региональном масштабе, всегда стал-киваются с неполнотой фаунистической информации. Такая информация, как правило, представле-на в виде набора локалитетов, покрывающих исследуемую территорию нерегулярной сетью. В то же время, полное покрытие фаунистическими данными территории необходимо для любого про-странственного анализа. В этом исследовании мы попытались провести фаунистическое райониро-вание регионального уровня, максимально возможно формализовав методику. В качестве исход-ных данных для фаунистического районирования мы использовали 47 моделей распространения мелких млекопитающих. Модели построены методом максимальной энтропии на основании точек находок, определенных по музейным этикеткам, и экологических данных. Модели были преобразо-ваны в двоичные значения, используя фиксированный порог. Мы рассчитали, коэффициенты разли-чия (1-коэффициент сходства Жаккара) между уникальными наборами сочетаний видов для каж-дой ячейки растра. Результирующая матрица различий была проанализирована с помощью иерар-хического кластерного анализа методом Уорда и UPGMA. На основе сходства состава фауны региона мы выделили три крупных кластера с девятью подкластерами. Были выявлены закономер-ности пространственного распределения количества видов и однородности видового состава. Взаи-мосвязь между распределением видового богатства и пространственной неоднородностью фауны с широтой, долготой, высотой местности над уровнем моря и факторами окружающей среды факто-ров были изучены с помощью регрессионного и дискриминантного анализа. В итоге в Юго-
Introduction
Since the first attempts at faunal zoning, one of the main tasks of zoogeography has been the development of methods (Sclater, 1858; Wallace, 1876; Severtsov, 1877; Semenov-Tyan-Shanskiy, 1936; Darlington, 1957; Hagmeier & Stults, 1964; Simpson, 1964; Hagmeier, 1966; Kimoto, 1966; Udvardy, 1975; Skulkin & Puzachenko, 1986; Márquez et al., 1997; Olivero et al., 2013; Ravkin et al., 2013) . In comparison with global scale zoogeographical studies, regional or local scale studies present unique questions and methodological problems. If the study of thousands of distribution ranges worldwide is amenable to local scale generalisation, then the construction of detailed range boundaries based on a limited set of known locations is a separate and complicated problem.
Analyses of publications on regional theriofaunal zoning have demonstrated a notable diversity of methodologies (Kucheruk, 1959; Afanasyev, 1960; Matyushkin et al., 1972; Chernyavskiy, 1978; Tupikova, 1982; Neronov & Arsenyeva, 1980; Shvetsov et al., 1984; Skulkin & Puzachenko, 1986; Varshavskiy et al., 1997; Badgley & Fox, 2000; Lyamkin, 2002; Xiang et al., 2004; Heikinheimo et al., 2007; Escalante et al., 2010; Nobrega & Marco, 2011) . Unlike studies on the zoning of all terrestrial areas or Palearctic, ecological approaches have been predominant in zoogeographical studies conducted on a local or regional scale (Bannikov, 1954a,b; Matyushkin, 1972; Yudin et al., 1979; Lyamkin, 2002) . This approach is quite logical because regional-level zoning is more often associated with species ranges, which are largely determined by landscape-zonal conditions.
One of the methodological problems, based on the analysis of publications, is the primary choice of spatial units for zoogeographical analysis. In practice, this problem is often solved in two ways. First, units of previous physiographic or zoogeographic zoning can be taken as primary units for analysis (Yudin et al., 1979; Shvetsov et al., 1984; Márquez et al., 2001; Xiang et al., 2004) . Second, networks of regular squares have been successfully used in studies on regional scale zoning in the USA, Canada, Iran, Afghanistan, Mongolia, China, Europe and other regions (Hagmeier & Stults, 1964; Simpson, 1964; Kaiser et al., 1972; Wilson, 1974; Neronov, 1976; Neronov & Arsenyeva, 1980; Skulkin & Puzachenko, 1986; Márquez et al., 1997; Heikinheimo et al., 2007; Escalante et al., 2010; Barbosa et al., 2012) .
Another methodology problem affecting the study of regional zoogeography is the heterogeneous distribution of faunal information in the territory of the region under consideration. Faunal information is usually available as a set of localities, covering the studied area as an irregular network. At the same time, full spatial coverage of faunal data is needed for typification or faunal zoning. When working on a global scale, we can roughly estimate ranges as continuous polygonal objects; the fine «lace» of the range with all of its gaps and isolates is the core value itself when studying a small territory.
Most zoning methods suppose a subdivision of a territory into a set of units that contain information on the local fauna. However, it is virtually impossible to collect "complete" information on faunal distributions within "regions" such as Mongolia, Kazakhstan or northeast Siberia. Researchers must restrict themselves to a limited number of reference points and extrapolate the data contained therein.
We can distinguish at least two theoretical approaches to the extrapolation of faunal data (Ferrier & Guisan, 2006) . The first method is the analysis of faunal data only from localities with available faunal information. In this case, the extrapolation can be performed at the level of the fauna identified during the analysis. However, in this case, an a priori limit is determined by the set of faunas (lists of taxa) that were directly observed by the investigator. In practice, the identification of a complete species list for any particular territory is an extremely difficult task. Thus, this approach has a certain initial error. The second method is the extrapolation of the distribution of each species, with a consequent analysis of the spatial heterogeneity of the stacked distributions. Algorithms for spatial extrapolation are well developed within the modern framework of the "species distribution modelling" approach.
The choice of a faunal typification method is a more technical task that has not substantially changed since the work of Wallace. Currently, this approach involves searching for a method to compare lists of taxa. One of the traditional methods of typification is cluster analysis using similarity indices, such as the Jaccard (Jaccard, 1901) or Simpson (Simpson, 1960) coefficients, as distance metrics.
In this study, we attempted to perform faunal zoning at a regional level, formalising the procedure to the greatest extent possible. We used species distribution models as the initial data, formal networks as the territorial units, and cluster analysis as the classification method.
Восточном Забайкалье были обнаружены две фауны, и большая зона их взаимопроникновения. Анализ моделей распространения видов предлагается в качестве важного инструмента для изуче-ния региональной зоогеографической неоднородности. Это особенно полезно для экстраполяции фаунистических данных для большой малоизученной территории.
КЛЮЧЕВЫЕ СЛОВА: мелкие млекопитающие, моделирование распространения видов, природ-ные факторы, Забайкалье, зоогеографическое районирование. We chose South-Eastern Transbaikalia as a model territory. The natural conditions of South-Eastern Transbaikalia are largely dependent on the mountainous relief (Vosskresenskiy & Postolenko, 1967; Olyunin, 1975) . This includes notable differences in the river network density between the northern and southern parts of the region. The region is also characterised by a continental climate regime (Arefyeva et al., 1965; Shpolyanskaya, 1978) and is positioned at the junction of Euro-Siberian dark coniferous and East Siberian light coniferous forests with the steppes of Mongolia and the Far East (Peshkova, 1985; Tahtadzhan, 1986; Galanin et al., 2009) , resulting in notable patchiness and distinct landscapes (Mikheev & Ryashin, 1967; Isachenko, 1985) . These factors affect the diversity of the regional fauna.
Small mammal faunas in the study region were actively studied beginning in the 18 th century (Pallas, 1788; Radde, 1861; Cherkasov, 1867; Kuznetsov, 1929; Skalon, 1935; Fetisov, 1944; Nekipelov, 1960) . The amount of faunal data varies with locality. Large areas within the region lack faunal studies primarily because they are remote areas without a transportation network.
Materials and methods
We analysed a part of Transbaikalia, located within the Amur River basin and the undrained area of the Uldza-Torey Plain. This territory is bounded in the west and north by the line of the Amur watershed, in the east by the 123° E meridian, and in the south by the national boundaries between Russia, Mongolia and China (Fig. 1) . Southern artificial boundary was chosen because of sharp difference in data abundance between states.
Mammal data and species distribution modelling
We used 47 species distribution models of representatives of the orders Eulipotyphla, Chiroptera, Rodentia and Lagomorpha from our previous study (Lissovsky & Obolenskaya, 2015) Pallas, 1778 . Below, we briefly describe the methods used to obtain these models because they are closely related to the methods used in this study.
Localities for the 47 species were used to construct the distribution models. We combined these taxa under the conditional name "small mammals". All of the information used for the study was obtained from museum specimen labels. We analysed approximately 3000 specimens from five museums, which had been collected by 81 zoologists from the middle of the 19 th century to the present (Lissovsky & Obolenskaya, 2015) .
Since museum data have some limitations as initial data for species distributions modelling (Newbold, 2010) , we checked species identification for every specimen and paid special attention to identification of localities' coordinates.
We determined the coordinates for 453 specimen localities (Appendix 1) using publications (field routes descriptions, publications mentioning collecting points) and topographic maps (beginning in the 19 th century) with scales of 1:200 000 and 1:100 000. Some specimens (including ours) had already been assigned GPS coordinates.
The maximum entropy method (Phillips et al., 2006; Phillips & Dudik, 2008; Elith et al., 2011) was selected for the species distribution modelling. We used the environmental variables described below for distribution extrapolation. A special raster layer, characterising the "availability" of the territory for zoologists, was used to avoid the calculation shift caused by the irregularity of visits to different parts of the region by the collectors.
Each model was built 10 times based on random sampling (60%) from all localities available for every species. We calculated the final model as the average of the results of the 10 iterations described above. We performed additional checks on the models during the 2011 field season (Lissovsky & Obolenskaya, 2015) .
Distribution models constructed for 37 of 47 species were considered successful and corresponded to all of the available data on small mammal distributions in South-East Transbaikalia. Six distribution models: Brandt "s vole, Mongolian gerbil, Maximovicz's vole, reed vole, northern pika and Manchurian pika deviated from the observed distribution of the species in nature. The models for Brandt's vole and the Mongolian gerbil included uninhabited enclaves. The distributions of the remaining four species were interdependent with closely related species or "competitors". The data of these six models included the removal of the unpopulated enclaves and transferring one part of Maximovicz's vole range model of the upper Onon River to the Reed vole model. These alterations successfully transformed these models. Another four distribution models of species known in the region that were based on only 2-3 reported occurrences: northern bat, Amur brown lemming, Hoffmann's pika, flying squirrel deviated from the reported distribution in nature (Lissovsky & Obolenskaya, 2015) . However, these four models apply to very small areas and do not significantly shift the zoning results.
Environmental data
The total area of South-Eastern Transbaikalia is 269 602 km 2 . A raster network with a pixel size of 0.02°w as selected for species distribution modelling and faunal typification of the region. This pixel size reflects the scale of the initial environmental data and reduces potential errors arising from incorrect geographical coordinate identification decoding the museum labels. The average area of the raster cells (analysed territorial units -ATU) was 3.2 km 2 . The environmental data comprised the following: 1) A remote survey from the scanning system MO-DIS of the Terra satellite with a resolution of 500 m (http://glcf.umiacs.umd.edu/data/). We used generalised average monthly data for February, July and October, 2001. Our choice of these months reflects the three principal seasons in South-Eastern Transbaikalia. Seven sets of spectral brightness, corresponding to the seven bands of the scanning system, were obtained for each of the three seasons. We also calculated the normalised difference vegetation index (NDVI) (Carroll et al., 2003) for summer (Appendix 2).
2) WorldClim global climate data with a resolution of 30″ (>1 km) (http://www.worldclim.org) (Hijmans et al., 2005) . We used 19 "bioclimatic" variables (Appendix 2) that were hypothetically relevant to the distribution of biological objects. These variables are commonly used for species distribution modelling (Hijmans et al., 2005; Nobrega & Marco, 2011) .
3) A GIS layer ("maxentpopul") comprising regional objects that indicate settlements (created based on a map with a scale of 1:1000000). We used this layer together with environmental variables solely for modelling the synanthropic species distribution (Appendix 2).
Initial standardized variables were transformed into mutually orthogonal variables using principal component analysis (climate and satellite data were transformed separately). These principal components, which together described the natural conditions of the region, were considered as the environmental factors. Only factors with non-random spatial distribution were selected for further analysis (Lissovsky & Obolenskaya, 2015) (Appendix 2).
Clustering methods
We recoded the relative likelihood values from Maxent to convert the modelled ranges to binary form ("1" -suitable area, "0" -unsuitable area). The lower tenth percentile of the relative likelihood of the species detection in the training set was taken as the threshold. The relative likelihood values lower than the threshold were set to zero, and those higher than the threshold were set to one. Fixed threshold in our study with standard methods of animals capture simulates a kind of detectability.
All information on the distribution model was summarised in a table containing 47 columns (species) and 83551 rows (ATUs). Each table cell contained either a "1" or "0". We condensed the table for further analysis by selecting a set of rows with a unique set of species (elementary faunas -EFs). There were 29331 EFs. Due to technical limitations of the software as well as the zoogeographic reasonableness, we excluded EFs that occurred on the regional map as only 1, 2 or 3 ATUs. The resulting table contained 3348 rows.
We calculated 1-Jaccard similarity coefficients (Jaccard, 1901) to assess the dissimilarity of the EFs. We conducted typification of fauna using hierarchical cluster analysis with the Ward and unweighted average (UPGMA) methods. Cluster membership of excluded EFs that occurred on the map as only 1, 2 or 3 ATUs was determined using a canonical discriminant analysis.
Distribution of fauna in the spaces of environmental factors Analysis of the spatial distribution of small mammal species across the region (the number of species in each ATU and the area occupied by each FE) was conducted using the GIS package Mapinfo 11.0.
Recoding of the modelling results (converting probabilities to binary) was performed using the GIS package ScanEx Image processor 3.0. We used the GIS package DIVA-GIS 7.3.0 for data visualisation. Mapping was performed using the GIS package Mapinfo 11.0. All maps were designed using Kavrayskiy's equidistant conic projection.
We calculated Jaccard coefficients (using original script), standardized variables, cluster analysis, discriminant analysis, correlations between the number of species and the latitude, longitude, altitude and regional environmental factors; the relationship between the spatial heterogeneity of the regional fauna (faunal clusters and subclusters) and distribution of environmental factors using Statistica 8.0 (StatSoft, 2007) .
Results

Spatial distribution of species
Each EF contained from 1 to 29 species with an average of 11.4 ± 4.4 species. Species richness estimated from stacked SDM seems to be overestimated (Trotta-Moreu & Lobo, 2010; Guillera-Arroita et al., 2015), however we can use our result as relative estimate. The smallest number of species occurred in the taiga (Fig.  2) . Watersheds and peaks of mountain ranges in the taiga showed the poorest species distribution. A greater number of species inhabits the intermountain basins in the forest zone. Flood-lands and forest-steppe showed a greater diversity of fauna. Steppes are inhabited by a greater number of species compared to taiga and foreststeppe territories. The maximum number of species was found in the steppe along the Argun' River.
The correlation between the species number and latitude, longitude or altitude was poor (r = -0.13, -0.53 and -0.25, respectively). Humid summer conditions showed the highest correlation between species numbers and environmental factors (r = 0.68). The absolute values of the correlation coefficients for the other environmental factors were less than 0.45.
The area occupied by each EF varied between 1 to 791 ATUs. The average area inhabited by each EF in the region was 2.8 ± 12.3 ATUs. A considerable proportion (70%) of the EFs occurred on the map only once, with 12% occurring in two ATUs and 5% occurring in three ATUs. In general, those faunas inhabiting a larger area were more rare.
EFs occurred on the map once, twice or thrice occupied the steppe and forest-steppe areas in the region within a wide band (Fig. 3) . These EFs also occurred in the taiga. EFs with maximally occupied areas were located in the taiga or the mountain taiga in the northern, north-eastern and eastern parts of the region.
Faunal cluster results
The commonly used UPGMA method of clustering (Hagmeier & Stults, 1964; Neronov, 1976; Neronov & Arsenyeva, 1980) yielded distances between clusters that were too small, and therefore, it was difficult to elucidate the cluster structure. We applied the Ward method, which is also commonly used (Simpson, 1964;  Kaiser et al., 1972; Wilson, 1974; Skulkin & Puzachenko, 1986; Xiang et al., 2004; Heikinheimo et al., 2007) .
Cluster analysis of EFs revealed three large clusters with nine subclusters (Fig. 4) showing a clear spatial localisation (Fig. 5) .
EFs from cluster A included eight species occurring only within this cluster, we propose to call them exclusive species (by analogy with Braun-Blanquet classification); seven species occurring in more than 70% of ATUs in this cluster, we propose to call them selective species; six species occurring in more than half of the ATUs in this cluster, we propose to call them preferential species (Allaby, 2004) . Cluster B had no exclusive species but included three selective species and six preferential species. Cluster C had one exclusive species, one selective species and four preferential species (Tab. 1). Clusters A and B together had several species that do not live outside of this aggregated area, including the Mongolian five-toed jerboa, the Daurian hedgehog, Brandt "s vole, tolai hare and the Daurian pika. By combining clusters B and C, the following exclusive species were obtained: the flying squirrel, the Northern pika and the taiga shrew.
No exclusive species occurred in any of the nine subclusters. The lowest number of selective species occurred within subclusters B5 and C9. Selective species were absent from subcluster C7; this subcluster showed the lowest number of species.
EFs covering minor areas (1-3 ATUs) were distributed between clusters A, B and C in nearly equal proportions: 7569, 9315 and 9099 ATUs in clusters A, B and C, respectively.
Distribution of fauna in the space of environmental factors
Territories covered with EFs from clusters A, B and C were successfully localised in a multidimensional hyperspace of environmental factors (Fig. 6 ) (Wilks = 0.17, p < 0.01). Territories of clusters A and C could be distinguished by discriminant analysis with an accuracy of 0.98. Summer humidity conditions (correlation with the first canonical axis r = 0.77), NDVI values (r = 0.77) and the ecosystems humidity characteristic (r = 0.62) had the greatest impact on this discrimination. The general resolution of the system with three clusters was 0.87. The accuracy of the determination of the territory of cluster B was 0.71. The territory of cluster B widely overlapped with the territories of two other clusters in the hyperspace of environmental factors (Fig. 6) . Territories of subclusters could be explained by environmental factors with a lower accuracy (Tab. 2).
Discussion
The weak differentiation of clusters using the UPG-MA method indicates an absence of sharp spatial borders between faunas. The EFs of cluster A evidently reside in the steppe zone, whereas the EFs of cluster C occur in the taiga; from an ecological perspective, the exclusive and selective species of clusters A and C are steppe (Kucheruk, 1959) and taiga (Kulik, 1972) species, respectively.
Faunal clustering
Three large clusters, each with its own internal structure, can be distinguished at the first hierarchical level. We could not determine the next lowest hierarchical level of the EF spatial distribution using the dendrogram alone. Thus, we describe the most discrete Table 2 . Separation of the faunal subclusters by canonical discriminant analysis based on environmental factors variant with nine units to discuss ways to unite these subclusters based on faunal similarity. There are fewer fauna in subcluster A2 than in A1, and these units differ in their composition. The two subclusters include both shared and selective species.
The faunas of subclusters B4 and B5 are highly similar (they differ in three species per subcluster). In general, the shared species (the gray red-backed vole, Maximovicz's vole, the striped hamster, the long-tailed ground squirrel, the Siberian chipmunk, the Korean field mouse, Laxmann's shrew, and the tundra shrew) are characteristic of the interpenetration zone of the steppe and taiga faunas in South-Eastern Transbaikalia. Exclusive species in subclusters allow western and east- ern variants of the interpenetration zone to be differentiated.
The faunas of subcluster B3 differ considerably from the subclusters B4 and B5. The faunas of subcluster B3 lack three of the eight species listed above as characteristic of the interpenetration zone. Additionally, six species are shared with the steppe faunas A1 and A2 (B4 and B5 have only three such steppe species). Thus, subcluster B3 differs more from subclusters B4 and B5 than subclusters B4 and B5 differ between themselves.
The differences between the four subclusters in C are minor. Subclusters C6 and C8 differ with respect to two species: subclusters C7 and C8 differ with respect to one species, and subcluster C9 differs from C6 and C8 with respect to one species. Thus, faunas in C6, C7 and C9 are only specific variants of the C8 fauna. The absence of exclusive species within any of the nine subclusters reflects their low faunistic rank.
Finally, we can turn from the discussion of clusters to units of spatial typification of the regional fauna. We can consider clusters A, B and C as spatial groups of fauna. According to our results (Tab. 1; Figs 4-6) on the qualitative and quantitative composition of the clusters (exclusive, selective, preferential species), as well as their spatial locations, we can, for convenience, name the faunal groups A, B and C as the steppe, the taiga-steppe and the taiga faunal groups, respectively.
We believe that it is rational to also assign two ranks of lower hierarchy. Larger differences between subclusters, such as between subclusters A1 and A2 or B3 and B4 and B5, may be considered as faunal subgroups. Minor differences of 1-3 species can be assigned to a lower hierarchical level and considered as faunal variants. Such a difference occurs in subclusters B4 and B5; the group of subclusters consists of C6, C7, C8 and C9 (Fig. 7) .
Considering species lists in the absence of a spatial context reveals that the taiga-steppe faunal group has a mixed composition, indicated by an absence of exclusive species, a mixed set of selective species, and a notable increase in exclusive species in the pairs A + B and C + B. In fact, the taiga-steppe faunal group has no unique elements but comprises elements of the steppe and taiga faunal groups.
Thus, there are two independent faunas in SouthEastern Transbaikalia, "steppe" and "taiga", whereas considerable territory is occupied by an interpenetration zone.
The steppe faunal group has the largest number of species, clear subdivisions, and the largest number of exclusive species. Thus, the steppe group is richer, spatially heterogeneous and more isolated; i.e., a larger number of steppe species do not penetrate into the area inhabited by the taiga faunal group than vice versa.
The taiga faunal group, on the contrary, is poorer in species composition, more spatially homogeneous, and less isolated. Such characteristics occur for the taiga faunal species including the northern red-backed vole, the gray red-backed vole, the Siberian chipmunk, and Laxmann's shrew (Kulik, 1972) that are widely distributed in South-Eastern Transbaikalia among species of the "steppe" fauna. This phenomenon can be observed in the steppe slope region, on steppe river floodplains or in pine forests with steppe vegetation in the grass cover. Only the Flying squirrel, the northern pika, the taiga shrew and Brandt's bat can be recognised among species occurring only in the area where taiga fauna occur.
Fauna and environmental factors
Although species richness in the region has no strong correlation with environmental factors, some of our units of spatial typification of fauna of South-Eastern Transbaikalia could be successfully explained by the multidimensional distribution of environmental factors. However, only two units with the highest rank could be specified using environmental data with a probability greater than 95%. The interpenetration zone was poorly correlated with the distribution of environmental factors. The poor correlation could be explained in part by technical problems. Obviously, if the territory mosaicism is higher than the selected size of the ATU, the environmental data in raster cells will reflect an "average" of the steppe and taiga parameters.
Lower rank spatial typification units were even more poorly correlated with the distribution of environmental factors (Tab. 2). The best prediction of faunal units by environmental data was possible only using a pairwise comparison. The total resolution of the discriminant analysis of several subclusters together (even from one bigger cluster) was very low.
We return here to the methodological problem of extrapolating faunal data. Using an extrapolation of each species distribution, we obtained 29331 EFs (and 3348 EFs occurring more than three times). If faunal zoning without species distribution modelling is to be performed with the same level of accuracy, it will be necessary to identify a large number of species combinations in nature or using an analytical approach. Even if some level of accuracy is possible, faunal extrapolation based on environmental data will yield a weak resolution.
Thus, the species distribution modelling approach allows us to manage the problem of discrete faunal data extrapolation to a larger territory. Modelling methods can be further improved by obtaining a complete matching of models and a real distribution of animals. However, even in the modern environment, the use of such models is considerably better compared with visual filling of spatial units with lists of taxa. Raster cells of the same size in modelling and further cluster formation allow the avoidance of additional calculation inaccuracy. Concluding, analysis of stacked distribution models could be an important tool for investigation of regional zoogeographical heterogeneity.
Appendix 2. Description of the environmental factors calculated based on the remote survey of the MODIS scanning system of the Terra satellite (Cosm), Global climate data WorldClim (Clim) and a GIS layer comprising regional objects indicating settlements (maxentpopul). 
